The medical records of ten pediatric patients with a clinical diagnosis of tetanus were reviewed retrospectively. The heart rate and blood pressure of all tetanus patients were measured noninvasively every hour during the first two weeks of hospitalization. Six of ten tetanus patients presented clinical evidence of sympathetic hyperactivity (group A) and were compared with a control group consisting of four children who required mechanical ventilation for diseases other than tetanus (group B). Heart rate and blood pressure simultaneously and progressively increased to a maximum by day 7. The increase over baseline was 43.70 ± 11.77 bpm (mean ± SD) for heart rate (P<0.01) and 38.60 ± 26.40 mmHg for blood pressure (P<0.01). These values were higher and significantly different from those of the control group (group B) at day 6, which had an average heart rate increase over baseline of 19.35 ± 12.26 bpm (P<0.05) and blood pressure of 10.24 ± 13.30 mmHg (P<0.05). By the end of the second week of hospitalization, in group A the increase of systolic blood pressure over baseline had diminished to 9.60 ± 15.37 mmHg (P<0.05), but the heart rate continued to be elevated (27.80 ± 33.92 bpm, P = NS), when compared to day 7 maximal values. The dissociation of these two cardiovascular variables at the end of the second week of hospitalization suggests the presence of asymmetric cardiac and vascular sympathetic control. One possible explanation for these observations is a selective and delayed action of tetanus toxin on the inhibitory neurons which control sympathetic outflow to the heart.
Autonomic nervous system involvement in patients with tetanus was initially reported by Danish investigators in 1954 (1) . The first detailed description of the heart rate and blood pressure abnormalities of patients with autonomic dysfunction secondary to tetanus was provided by Kerr et al. in 1968 (2) .
Several clinical investigations have emphasized that sinus tachycardia and systemic hypertension begin simultaneously and are still present at the end of the first two weeks of hospitalization (3) . Most studies conclude that these cardiovascular abnormalities are due to hyperactivity of the sympathetic ner-vous system (4, 5) . Nonetheless, how these cardiovascular abnormalities evolve is not well defined (6, 7) .
In the present retrospective investigation, we reviewed the medical records of ten children who were admitted to the Intensive Care Unit (ICU) of the University of Los Andes Hospital with a clinical diagnosis of tetanus during the period from January 1982 to December 1995. The diagnosis of severe tetanus with autonomic dysfunction was based on the presence of generalized muscular spasms, sinus tachycardia and systemic hypertension (3). All patients were admitted within 24 h of the beginning of the muscle spasms. Mean age was 8 ± 3.36 years (range 2 to 13 years) and sex was equally distributed.
All patients required sedation with diazepam, 2-3 mg kg -1 24 h -1 , intubation and mechanical ventilation (pancuronium, 100 µg/kg per dose). The autonomic crisis was treated as follows: 1) patients admitted between 1982 and 1985 received morphine, 1 mg/kg per dose (4-6 doses per day), propranolol, 2-7 mg kg -1 24 h -1 , and magnesium sulfate, 1 mEq kg -1 24 h -1 . 2) Patients admitted after 1987 were given morphine, 0.1 mg/kg per dose (4-6 doses per day), labetalol, 2-8 mg kg -1 24 h -1 , and magnesium sulfate, 1 mEq kg -1 24 h -1 .
In patients admitted before 1985, the heart rate was determined hourly with electrocardiographic monitors and blood pressure was measured with a mercury sphygmomanometer and appropriate pediatric blood pressure cuffs. Systolic and diastolic blood pressures were estimated according to phases one and four of the Korotkoff method, respectively (8) . Patients admitted between 1985 and 1995 were monitored by the oscillometric technique using a DINAMAP™ adult/pediatric vital signs monitor model 845XT (Tampa, FL, USA).
The control group consisted of four patients with diseases other than tetanus (group B) aged 9 ± 4 years, range 3 to 13 years, who had required mechanical ventilation and muscle relaxants for causes other than tetanus. These patients had severe head trauma, required mechanical ventilation, muscle relaxants (pancuronium, 100 µg/kg per dose), analgesia (meperidine 1 µg/kg per dose, every 6 h), and diuretics (furosemide, 0.5 mg/kg per dose, every 12 h) and remained in the ICU for 5 to 7 days. Simultaneous hospitalization, medical care provided by the same physician, and heart rate and blood pressure increases above pre-established limits were used as inclusion criteria. This retrospective clinical investigation was approved by the Commission for Scientific Studies of the University of Los Andes. Informed consent was obtained from the children's parents.
The highest values for blood pressure and heart rate were obtained for all tetanus patients from the hourly measurements made each day. The absolute increase in heart rate and blood pressure was determined from the difference between the latter values and preestablished maximal limits (95th percentile for age and sex) (9,10). The highest blood pressure and heart rate changes observed in patients with diseases other than tetanus were obtained and assessed similarly. Values are reported as means ± SD. Intragroup and intergroup comparisons were performed by the Friedman paired test for series of interdependent variables, with the level of significance set at P<0.05 (11) .
Based on heart rate and blood pressure measurements, six patients showed increases above the pre-established limits (95th percentile for age and sex) and were considered to have clinical evidence of sympathetic hyperactivity (group A). In group A, one patient had sinus tachycardia but the blood pressure did not increase above the 95th percentile for age and sex (3) .
As can be seen in Figure 1 , by day 1 of hospitalization, group A patients had absolute heart rate and blood pressure values already above the pre-established limits, 95th percentile for age and sex, which progressively increased to a maximum by day 7 (Table 1 and Figure 1 ). These values were significantly different from those recorded during the first 4 days. Moreover, when the maximum absolute increases recorded on day 7 were compared to those of the patients with mechanical ventilation for causes other than tetanus at day 6 (group B -systolic pressure: 10.24 ± 13.30 mmHg; heart rate: 19.35 ± 12.26 bpm), patients with tetanus (group A) had significantly larger increases in heart rate (43.70 ± 11.77 bpm, P<0.05) and systolic blood pressure (38.60 ± 26.40 mmHg, P<0.05) ( Table 2 ). During the second week of hospitalization, the heart rate decreased slightly but not significantly from day 7 to day 9. It then became stationary and continued to be elevated. In contrast, the systolic and diastolic blood pressures decreased gradually and significantly (Table 1 and Figure 1) . In other words, although the heart rate and blood pressure rose simultaneously at the beginning of the autonomic crisis, these two cardiovascular variables became dissociated by the end of the second week of hospitalization. It should be emphasized that metabolic and respiratory parameters were kept at physiological levels throughout the period of hospitalization (3). All patients with severe tetanus and autonomic dysfunction survived and were subsequently discharged from the hospital.
The hyperadrenergic syndrome that occurs in tetanus is characterized by hypertension, tachycardia and increased cardiac index. Hemodynamic studies during the management of severe tetanus with autonomic dysfunction have shown that systemic hypertension is due to a high output circulatory state with increased cardiac index and normal to low peripheral vascular resistance (12) . These cardiovascular abnormalities are paralleled by marked increases in serum catecholamine concentration (13) . Moreover, spectral analysis of heart rate variability has demonstrated unopposed sympathetic nervous system hyperactivity and decreased parasympathetic modulation of cardiac Figure 1 . Heart rate and blood pressure changes in children with severe tetanus and autonomic dysfunction. Heart rate and blood pressure increased simultaneously and progressively to a maximum by day 7. The heart rate (filled squares) decreased slightly but not significantly from day 7 to day 9. It then became stationary and persisted elevated thereafter. In contrast, the systolic (open squares) and diastolic pressures (circles) decreased gradually and significantly until day 15. Data are reported as increases above the 95th percentile for age and sex. Standard errors were omitted for purposes of clarity in constructing the figure. Values are reported as means ± SD of increases for a given day compared to the previous day. *P<0.01 only compared to days 1-4. + P<0.05 compared to days 1-4 and days 9-15. **P<0.05 compared to days 1, 2, 3 and 5. # P<0.01 compared to days 13-15 (Friedman paired test for series of interdependent variables).
rhythm (14) . In the present retrospective investigation, we found that the changes in heart rate and blood pressure of children with severe tetanus were dissociated by the end of the second week of hospitalization. The blood pressure gradually returned to normal, while the heart rate persisted accelerated. Since tachycardia and hypertension are both secondary to sympathetic hyperactivity, one would expect these two cardiovascular variables to behave similarly at the end of the autonomic crisis. This unexpected finding raises several pertinent questions: 1) Is this persistent sinus tachycardia the expression of an undetected metabolic derangement or sepsis? 2) Could instrumentation, medical care and the use of multiple medications be responsible for the observed phenomena? 3) Could our findings be due to a selective and delayed action of tetanus toxin on the neurons, which use the inhibitory neurotransmitter gammaaminobutyric acid (GABA) to control sympathetic preganglionic outflow to the heart (15)? On the basis of the last hypothesis, the potentiated chronotropic response and normal or blunted vasomotor response would indicate a dissociation of cardiac and vascular sympathetic control (16) . Our patients with severe tetanus (group A) received muscle relaxants, morphine and beta-blockers throughout the two-week observation period and their clinical, metabolic and respiratory parameters were under constant monitoring. The presence of undetected metabolic derangement secondary to acute renal failure probably induced by sympathetic overactivity (17) or sepsis is unlikely. Patients with diseases other than tetanus (group B) were similarly instrumented, received the same muscle relaxants and were cared for by the same physician. Moreover, since group A patients were receiving beta-adrenergic blockers and yet, the highest values of heart rate and blood pressure of group B patients were still significantly lower, a state of primary and unusually intense cardiac and peripheral sympathetic activation must have been present in group A.
Tetanus toxin experimentally injected into skeletal muscle is taken up and concentrated by terminal varicosities within pre-and paravertebral sympathetic ganglia (3). More recently, using the novel technique of neuroanatomic tracing, tetanus toxin was shown to be retrogradely transported to the GABAergic terminals, which synapse on the sympathetic preganglionic neurons of the last cervical and first three thoracic spinal cord segments (18) . Since experimental stimulation of these spinal pathways, under specific physiological or pathological conditions (15, 19, 20) , can increase or decrease heart rate, a selective and delayed action of tetanus toxin on these sympathetic pathways could be responsible for our findings. Table 2 . Heart rate and systolic pressure changes in children with autonomic dysfunction secondary to tetanus and in children with diseases other than tetanus (non-tetanus).
Day
Tetanus (N = 6) Non-tetanus (N = 4) Data are reported as means ± SD and represent increases over pre-established limits. *P<0.05 compared to heart rate of the non-tetanus children. + P<0.05 compared to systolic pressure of the non-tetanus children (Friedman paired test for series of interdependent variables).
Finally, experimental and clinical prospective studies should be done in order to understand the role of tetanus toxin in the activation of the sympathetic nervous system and in the dissociation of cardiac and vascular control.
